Introduction: The hydration of grains is a process that consists of soaking them in water in order to increase their moisture content and this is a crucial step in industrialized processing and provides several beneficial effects on their physicochemical and nutritional qualities. Aims: This study focused on modeling of hydration characteristics of five varieties of cowpea which are: Gombe, Oloyin white, Drum, Oloyin brown and Sokoto cultivated in Nigeria. Methodology: The experiments were carried out using electronic water bath at five temperatures (30, 40, 50, 60, and 70°C) in three replications. The amount of water absorption by five selected varieties of cowpea grains was calculated by measuring the increase in the mass of soaked grains per time. Five standard models of water absorption were fitted to the experimental data. Coefficient of determination (R 2 ), chi-square (x 2 ) and root mean square error (RMSE) were used to evaluate the models. Results: The initial moisture content of the saturated cowpea was estimated as 13.56 ±1. 15, 15.05 ±2.27, 13.30 ±0.37, 10.85 ±0.13, 12.40 ±0.13 for Gombe, Oloyin white, Drum, Oloyin brown and Sokoto varieties respectively. The water uptake of the cowpea was faster at the initial stage and gradually slow down until the equilibrium moisture content was attained for all the varieties.
INTRODUCTION
Cereals and legumes are potential ingredients for many processed foods due to their protein contents. Among these foods, cowpea (Vigna unguiculata L.) is an important plant food that is widely produced and consumed. This agricultural material is important source of carbohydrate, protein, iron, vitamin B and minerals. On dry weight basis, these seeds contain mostly proteins 17-28%, fats 3%, and carbohydrates 50-53%, ash 3% and fibre 6%, and it is also an important item in the diet of most people [1, 2] . The possible contribution of dry beans to improving the lives of subsistence farmers and his family in Africa is obvious. The excellent flavour of the cooked seeds makes it superior to other pulses in Southern Nigeria [3] . It was remarked to be exceptionally nutritious by Rachie [4] . Different forms of local recipes are prepared from the crop to meet the dietary needs of the people. In most West African communities, the seed grains are boiled and eaten with other staples such as yam, plantain, cassava, corn/maize, etc. A popular snack is produced from the grains through roasting particularly in Enugu/Nsukka area of Nigeria. Owing to the presence of the ANFs in various quantities in dry beans (like other legumes), the consumption of the bean will require processing for safety as human meals [5] . Cooked seeds of dry beans have higher fibre content, high efficiency of protein digestibility, higher amino acid availability, high gross and metabolizable energy and good fatty acid profile [2] .
The hydration of grains is a process that consists of soaking them in water in order to increase their moisture content. This is a crucial step in industrialized processing and provides several beneficial effects on their physicochemical and nutritional quality [6, 7, 8, 9, 10] . Soaking is widely used in processing different grains for many reasons, as hydration is necessary for processes like cooking, extraction, fermentation, germination and malting. The hydration of grains before cooking helps to soften the bean structure and so, reducing the cooking time [11] . This process promotes the activation of cell-wall enzymes, decreases the degree of polymerization of rhamnogalacturonan and increases the solubility of poly galacturonan and galactan, which results in better polysaccharide solubility and shorter cooking time [12] . In addition, hydration enhances the homogeneous gelatinization of the starch and the homogeneous denaturation of proteins during cooking [13] . Therefore, a similar texture is obtained in the whole grain.
Moreover, the heat transfer through the grain during cooking is enhanced by the absorbed water, thus improving the inactivation of antinutritional factors [14] such as protease inhibitors, lectins, saponins, vicine, convicine, phytates, alkaloids, and indigestible oligosaccharides [15] . Hydration also improves component extraction from grains, which in this case is sometimes called the steeping process. The most commonly-extracted component from grains is starch, especially from cereal grains, and is conducted by wet milling. Softening the grains by hydration improves their wet grinding and so facilitates starch purification [16] . In addition, the hydration process is used to extract toxic components from beans. For instance, the Andean lupin (Lupinus mutabilis Sweet) has a high level of toxic alkaloids (lupanine), which needs to be extracted before being consumed. This extraction is performed in water; thus, the grains need to be hydrated [17] . In addition, during the hydration process, some antinutritional compounds, such as phytic acid, tannins, phenols, α-amylase, and trypsin inhibitors, are extracted [18] .
The grain hydration process is mainly a mass transfer unit operation, in which the water activity difference acts as the driving force. In other words, the water is transported from a substance with a high effective water concentration (soaking water) to a substance with a low effective water concentration (grain), a phenomenon called diffusion. In addition, the complex structure and different tissues and cells of the grains form channels of many sizes, structure, composition, zones with varied permeability through which the water can flow. Therefore, the water does not only enter the grains by diffusion, but also by capillary flow. Thus, the hydration process is not as simple as it seems and involves not only mass transfer mechanisms, but also those of fluid flow. Consequently, the hydration process is of significant importance in the industrialization of grains. However, this step is a batch process, which can take many hours and uses a substantial quantity of water. For that reason, its study, description and optimization are very desirable [19] .
The water uptake of the grains can show two forms of behaviour, which are differentiated by the mass transfer rate at the beginning of the process. In the downward concave shape (DCS) behaviour, the water influx rate is a maximum at the beginning of the process and falling to zero after enough time has elapsed at the product equilibrium moisture content (Meq). Among many models, the Peleg Model [20] is the most widely used equation to describe this behaviour. The sigmoidal behaviour is described by an initial lag phase, i.e., an initial phase with a low water uptake rate. In this case, the water influx rate firstly increases, until an inflexion point is reached. After which the rate decreases to zero when the product reaches its equilibrium moisture content (Meq). This behaviour can be described by the Kaptso et al. model. The sigmoidal behaviour is of higher interest, since it is the lag phase that slows the process. All the grains that presented this behaviour are from Leguminosae or Fabacea family, like cow-pea [2] , common bean [21] , lima bean [22] , Adzuki beans [23] and Andean lupin beans [15] .
Many studies have reported the influence of temperature on water absorption property which includes soybean, amaranth grain and maize kernel [24, 25, 26] and many other grains. However, effect of varietal variations and processing variable on the rate of water uptake and moisture absorption property of cowpea grown in Nigeria, and it processed form have not been fully and thoroughly established. The aim of this work is to study the hydration behavior of cowpea as influenced by varieties and temperature.
MATERIALS AND METHODS

Sample Collection
The five varieties of cowpea grains were obtained from a local market in Akure, Southwest Nigeria. The material was cleaned to remove foreign materials such as stones, broken grains, weevil damaged grains and dirt, sealed in an airtight container and kept in cool and dry place prior to its usage. Other material used for the study of water absorption characteristics include; Electronic Water bath, Beakers, measuring cylinder, weighing balance, venier callipers, distil water, Sample holder, Blotting paper, Hand towel.
Initial Moisture Content Determination
The initial moisture content of the seeds was determined using the oven dry method, the sample was placed in the laboratory oven at 105±1°C for about 24 h in hot air oven. Average moisture content was subsequently calculated on a percentage dry basis (% d.b) as shown in equation 1
Where Mc is moisture content on dry basis (%), is mass of wet sample (g) and is the mass of dry sample (g).
Determination of Physical Properties of Grains
The physical characteristics of the cowpea seeds were evaluated according to Baryeh [27] . 100 randomly selected seeds were used to measure length (L), width (W) thickness (T), from the three principal dimensions which are in the three mutually perpendicular directions using a vernier caliper and the mass (M) of the seeds was measured using digital weighing balance. Using the readings, the geometric mean diameter (Dm), arithmetic mean diameter (Da)sphericity (φ), surface area (A), volume (V)and mass ( ) was calculated using the relationship shown in the equation 1-8 respectively;
Soaking Experiment
The moisture content change of the cowpea grains during soaking in water were measured at five different water temperatures (30, 40 , 50 60, and 70°C) for five different varieties of cowpea; Gombe, Oloyin white, Drum, Oloyin brown and Sokoto varieties. Beakers (200 ml) containing 120 ml of distilled water were placed in thermostatically-controlled water baths (WBH 14-420 PEC MEDICAL USA) at the predetermined temperatures. Three replicates of 20±0.5 g samples were weighed into the beakers giving a volumetric water-grain ratio of 5:1.
Throughout the soaking period, the samples were fully immersed in water and removed from the water bath after 15 minutes. The soaked samples were drained and transferred to a filter cloth and blotted carefully to remove excess surface water [28, 29] . The weight of the samples was then determined using a digital balance (A & D Co. Ltd., 14000176, Japan).The procedure was repeated at intervals of 15 minutes for first hour, 30min interval for the second hour and 60 min interval until equilibrium is attained to obtain the water absorption data, the experiments were terminated when the incremental change in sample weight was less than 0.05 g when measured after 1 hr of soaking, or up to a total soaking time of 10 hrs. The increase in sample mass during soaking in water was considered to be an increase in sample moisture content [30] .
Modeling of Absorption Characteristics
For fitting the moisture uptake of soaked five varieties of cowpea, five models were used to estimate the parameters associated with each model. The list of the empirical models and the respective equations used in this study is presented in Table 1 . The best fitted model was determined based on the highest coefficient of determination (R (5) MR is the rate of moisture uptake, and is given by the equation: = M o is the initial moisture content of the bean, M t is the moisture content of bean at time t, and M e is the final moisture content at equilibrium.t is the hydration duration (in min), and the variables k 1 , k 2 , k, τ, α and β are the coefficients of the empirical models which was solve using nonlinear regression analysis on Microsoft excel version 2016 microsoft.inc. [31]
3. RESULTS AND DISCUSSION Fig. 1 shows the evolution of water uptake isotherms at different temperatures for the five varieties of cowpea; Gombe, Oloyin white, Drum, Oloyin brown, and Sokoto. It was observed that water uptake was faster in the initial stages at all temperatures, especially in the first 30 minutes, and gradually slowed down as the moisture content approached saturation point known as equilibrium moisture content. According to Hsu [24] , it had been demonstrated that diffusion in the solid endosperm is the main mechanism that controls the rate of absorption in seeds regardless of the process conditions. There was a noticeable effect of temperature on the grain moisture, mainly on the dynamic of hydration characteristics and also on the equilibrium moisture of the five varieties.
Physical Properties
Water Uptake Characteristics
Modelling of Absorption Characteristics
The data of gravimeteric based water absorption of five (5) varieties of cowpea at the different soaking temperatures were converted into the moisture content. Then these data were fitted to the selected models which include the Peleg model, page model, kaptso model, Weibul model and first order model ( temperature. Therefore, the Weibull model was considered the best model for describing both the water absorption of cowpea during soaking within the experimental range of study disagree with the findings of [36] who suggested Page model has the best model for describing the soaking behaviour of white rice, and [37] at room temperature claims to investigate the effect of soaking temperature on the constant and coefficient values of the Page model, namely, k and n, However, the variation in this result can be attribute to the class of the seed, which might directly affect the performance of the model. Nevertheless, the Weibull model can be used to estimate with great accuracy of the moisture content of the selected cowpea at any time during the soaking process.
Thermodynamic Approach
Arrhenius equation was used for the evaluation of the temperature dependence of K 1 in peleg model. The activation energy is a function of temperature and therefore represents the influence of temperature on K 1 . [38] . The values of enthalpy (ΔH*) in Table 9 were negative at all temperature and varieties, indicating that cowpea hydration is associated with exothermic (energetically favourable) transformations. The values of enthalpy vary from one variety to the other. The negative values of enthalpy in the hydration was also verified [38] for Bambara seeds and [39] for barley.
Gibbs free energy is the driving force at constant temperature and pressure. Changes in free energy are generally coupled with enthalpy and entropy changes. The sign of ΔG informs about the spontaneity of the reaction. If ΔG < 0, the reaction is spontaneous [40] . In this study, positive values of ΔG were obtained, showing that the process was not spontaneous. A noticeable difference was found in ΔG for all the varieties at different temperatures. The ΔG* decreased with increasing temperature was observed, indicating that hydration was influenced by temperature.
CONCLUSION
The following information were drawn based on the finding of the study of hydration characteristics of five different varieties of cowpea as function of temperature; 
